Crim1 (cysteine-rich motor neuron 1), a novel gene encoding a putative transmembrane protein, has recently been isolated and characterized (Kolle, G., Georgas, K., Holmes, G.P., Little, M.H., Yamada, T., 2000. CRIM1, a novel gene encoding a cysteine-rich repeat protein, is developmentally regulated and implicated in vertebrate CNS development and organogenesis. Mech. Dev. 90, 181±193). Crim1 contains an IGF-binding protein motif and multiple cysteine-rich repeats, analogous to those of chordin and short gastrulation (sog) proteins that associate with TGFb superfamily members, namely Bone Morphogenic Protein (BMP). High levels of Crim1 have been detected in the brain, spinal chord and lens. As members of the IGF and TGFb growth factor families have been shown to in¯uence the behaviour of lens cells (Chamberlain, C.G., McAvoy, J.W., 1997. Fibre differentiation and polarity in the mammalian lens: a key role for FGF. Prog. Ret. Eye Res. 16, 443±478; de Iongh R.U., Lovicu, F.J., Overbeek, P.A., Schneider, M.D., McAvoy J.W., 1999. TGF-b signalling is essential for terminal differentiation of lens ®bre cells. Invest. Ophthalmol. Vis. Sci. 40, S561), to further understand the role of Crim1 in the lens, its expression during ocular morphogenesis and growth is investigated. Using in situ hybridisation, the expression patterns of Crim1 are determined in murine eyes from embryonic day 9.5 through to postnatal day 21. Low levels of transcripts for Crim1 are ®rst detected in the lens placode. By the lens pit stage, Crim1 is markedly upregulated with high levels persisting throughout embryonic and foetal development. Crim1 is expressed in both lens epithelial and ®bre cells. As lens ®bres mature in the nucleus, Crim1 is downregulated but strong expression is maintained in the lens epithelium and in the young ®bre cells of the lens cortex. Crim1 is also detected in other developing ocular tissues including corneal and conjunctival epithelia, corneal endothelium, retinal pigmented epithelium, ciliary and iridial retinae and ganglion cells. During postnatal development Crim1 expression is restricted to the lens, with strongest expression in the epithelium and in the early differentiating secondary ®bres. Thus, strong expression of Crim1 is a distinctive feature of the lens during morphogenesis and postnatal growth. q
Results
At embryonic day 9.5 (E9.5), transcripts for Crim1 are detected in the head ectoderm in the vicinity of the optic vesicle (Fig. 1A,B ). This region includes the lens placode. By E10.5 the optic cup and lens pit have formed and Crim1 is markedly upregulated (Fig. 1C,D) . Strongest expression is in the lens pit with transcripts predominantly located in the apical cytoplasm of the cells. Ectoderm overlying the lens pit (presumptive corneal ectoderm) also expresses Crim1 (Fig. 1D ). By this stage distinct expression is detected in the outer layer of the optic cup (presumptive retinal pigmented epithelial cells; RPE). At E11.5 the lens vesicle has formed and all lens cells strongly express Crim1 (Fig. 2A,B) . Transcripts are also present in the developing RPE and the corneal and conjunctival epithelia. A similar pattern of expression is present at E12.5 when primary ®bres are elongating (Fig. 2C,D) . At E13.5 the elongated ®bres have obliterated the cavity of the lens vesicle and Crim1 is strongly expressed throughout the lens epithelium and ®bre mass (Fig. 2E,F) . The corneal and conjunctival epithelia also express Crim1. In the RPE the strongest expression is present posteriorly in the vicinity of the developing optic nerve. At E14.5 the pattern of expression is similar except that the maturing ®bre cells in the embryonic nucleus of the lens show reduced Crim1 expression (Fig. 3A,B) . In addition, although the RPE show strongest expression in the vicinity of the optic nerve, expression is also evident at the rim of the optic cup. A similar pattern of Crim1 expres-sion is present in the lens at E15.5 (Fig. 3C,D) . In addition to the strong expression in the corneal and conjunctival epithelia, transcripts are now detected in the corneal endothelium. In the RPE, expression extends more anteriorly and is strong in the developing ciliary and iridial retinae. Crim1 expression is ®rst clearly detected in the differentiating ganglion cell layer of the neural retina at this stage. At E18.5 the expression in the lens is strong in the epithelium and in the differentiating ®bres in the cortex (Fig. 3E,F) . Strong expression is also present at the posterior pole of the lens. Expression is present throughout the developing corneal and conjunctival epithelia, corneal endothelium, RPE and ciliary and iridial retinae. Three layers of Crim1 expression are detected in the inner region of the neural retina. These comprise the layer of blood vessels next to the inner limiting membrane, the ganglion cell layer and the innermost region of the neuroblast layer. By postnatal day 7 (P7), the expression of Crim1 is restricted to the lens (Fig. 4A,B ). The lens epithelium shows strong expression of transcripts, particularly in the cells of the central region. Expression is also present at the lens equator in the newly forming secondary ®bre cells in the transitional zone and inner cortex. Deeper in the cortex as the ®bre cells become more mature, the expression of Crim1 is lost. A similar lens-speci®c pattern of expression is present at P21 (Fig. 4C,D) .
Methods
The expression pattern of Crim1 transcripts in the developing murine eye was examined by in situ hybridisation using ( 35 S) UTP-labelled riboprobes as previously described (Robinson et al., 1995) . The templates for the antisense riboprobe for Crim1 was generated from a 1.8 kb (n1541± 3378) murine cDNA as described previously (Kolle et al., 2000) . Hybridized slides coated with photographic emulsion were exposed for up to 10 days before developing and counterstaining with Harris haematoxylin. Fig. 1 . Sections of E9.5 (A,B) and E10.5 (C,D) mouse eyes labelled for Crim1 mRNA expression, counterstained with Haematoxlyin and viewed by bright ®eld (A,C) and dark ®eld (B,D) microscopy. At E9.5, Crim1 is expressed within a region of head ectoderm (arrows) that includes the lens placode (lpl). This region overlies the optic vesicle (ov). At E10.5, Crim1 is strongly expressed in the lens pit (lp). Labelling is also present in the presumptive corneal epithelium (ce) and the outer layer of the optic cup (oc), the presumptive retinal pigmented epithelia, arrowhead. Scale bar, (A,B) 100 mm; (C,D) 60 mm. Fig. 2 . Sections of E11.5 (A,B), E12.5 (C,D) and E13.5 (E,F) mouse eyes labelled for Crim1 mRNA expression, counterstained with Haematoxlyin and viewed by bright ®eld (A,C,E) and dark ®eld (B,D,F) microscopy. At E11.5 and E12.5, all the cells of the lens vesicle (lv) strongly express Crim1. Labelling is also present in the developing epithelia of the cornea (ce) and conjunctiva (cj) as well as the retinal pigmented epithelium (rpe). At E13.5, strongest expression is observed in the lens (l) and in the posterior region of the retinal pigmented epithelium (rpe, arrowhead). Crim1 labelling in the presumptive corneal and conjunctival epithelium extends as far as the fornix of the eyelid (arrow). Scale bar, (A,B) 60 mm; (C,D) 100 mm; (E,F) 150 mm. Fig. 3 . Sections of E14. 5 (A,B), E15.5 (C,D) and E18.5 (E,F) mouse eyes labelled for Crim1 mRNA expression, counterstained with Haematoxlyin and viewed by bright ®eld (A,C,E) and dark ®eld (B,D,F) microscopy. At E14.5, the label in the maturing primary ®bre cells in the lens nucleus (asterisk) is diminished. High levels of transcripts are also present in the developing corneal epithelia (ce) and conjunctival epithelia (cj), and posteriorly in the retinal pigmented epithelium (rpe). At E15.5, label is now also detected in the differentiating corneal endothelium (arrow), at the rim of the optic cup, where the ciliary and iridial epithelia (ciliary and iridial retinae) are beginning to differentiate (arrowhead) and the ganglion cell layer (gcl). A similar pattern is observed at E18.5, except that three layers of label are now associated with the neural retina; a layer of blood vessels aligned along the inner limiting membrane of the neural retina (i), the ganglion cell layer (ii) and the innermost region of the differentiating neuroblast layer (iii). Scale bar, 400 mm. Fig. 4 . Sections of P7 (A,B) and P21 (C,D) mouse eyes labelled for Crim1 mRNA expression, counterstained with Haematoxlyin and viewed by bright ®eld (A,C) and dark ®eld (B,D) microscopy. At P7, label is detected in no ocular tissue other than lens. Label is strongest throughout the epithelium (le), particularly the central region. Label is present in the transitional zone at the lens equator (arrow), where new secondary ®bres (lf) form, and extends a short distance into the cortex. At P21 there is a similar lens-speci®c pattern of Crim1 expression. Label is associated with nuclei of the lens bow, up about the region of early nuclear condensation in the cortical ®bre cells (arrowhead). Abbreviations: c, cornea; cb, ciliary body; ir, iris. Scale bar, (A,B) 400 mm; (C,D) 120 mm.
